The 24-inch Cassegrain-coude Telescope Final Report by unknown
. , .L :. 
..,, ; ....... 
,:j. .... 
.... , '.:,;:'. : 
........ 
. .<:,.... . , .,' -. 
" *": 
':?..>. ,. ,,.: ,:+. 
.I.: .... : i.. 
. ".< ?: ',:. 
. . . . . .  
... :r.h.r 
....,.. . .  
. ,.I ..I. : 
OOERZ OPTICAL COMPANY, ING. 
,.? :; : .: 
:. .......... 
.... ;:. : ' .. 
-;. ..:. .. (,'. ..f.': 
.: ..I..... 
L. ~ i c. :,c: 




, ,A  . - 
........ 
. . . . . . .  :. 
'; ..>;. ' : 
. .." .. ., 
,.L ..... r ,,,, 
..,;.-- ;.!$?:; 
, ,.:~ 
.,.,.~, ' '  ? '  
.. .! ..... 
: . . , .>,. 
. . 
. . .  
' . .  <. , . 
.. '. 
. . .  
' 9. .  
FINAL REPORT 
24-INCtl CASSEGRAIN-COUDE TELESCOPE 
CONTRACT NAS8-20805 
TR-2407 
December 5 ,  1969 
https://ntrs.nasa.gov/search.jsp?R=19700014425 2020-03-12T02:47:08+00:00Z
GOEWE OPTICAL COUPANPI. INIC. 
CONTENTS 
0.0 INTRODUCTION 
1.0 GENERAL DESCRIPTION 
2.0 OPERATION AND REWORK 
2.1 MODES CONTROL 
2.2 SIDEREAL CLOCK 
2.3 AXIS READOUT AND ENCODERS 
PAGE 
2.4 DIGITAL SUBTRACTOHS 
2.5 POLAR POSITION AND RATE SER\IOS 
2.6 DECLINATION POSITION AND RATE SERVOS 
2.7 SERVO DESIGN PHILOSOPHY 
0.0 INTRODUCTION 
T h i s  r e p o r t  d i s c u s s e s  t h e  d e s i g n  phi losophy and checkout  
p rocedure  f o r  t h o  24-inch t e l e s c o p e  s e r v o  system. The mechanica l  
and o p t i c a l  p o r t i o n  o f  t h e  d e s i g n  have been d e s c r i b e d  i n  t h e  
monthly r e p o r t s  d u r i n g  t h e  c o u r s e  o f  t h e  c o n t r a c t .  
The c o n t r a c t  e x p i r e d  b e f o r e  a l l  checkout  was completed. The 
d e s c r i p t i o n  o f  t h e  checkout  o f  t h e  p o l a r  a x i s  sys tem,  which , 
was completed a t  t h e  Guerz p l s n t ,  is  p r e s e n t e d  i n  d e t a i l  s o  
t h a t  +NASA p e r s o n n e l  may comple te  t h e  checkout  o f  t h e  d e c l i n a t i o n  
a x i s  s e r v o  system. The p o l a r  a x i s  and d e c l i n a t i o n  a x i s  s e r v o  
system are  e s s e n t i a l l y  t h e  same. 
OPTICAL COMPANY, IMC. 
1.0 GENERAL DESCRIPTION 
The t e l e s c o p e  c o n t r o l  system is composed of  a p o s i t i o n  qnd 
r a t e  servo f o r  each a x i s ,  e a f e t y  in ter la : ' ,  . ; ,J< a focus ing  
servo. The o p e r a t i o n  o f  t h e  system 13 dic.tl .lrd up i n t o  a 
number of modes which are l i s t e d  i n  Table 1. 
S e l e c t i n g  one o f  t h e  mtdes - Computer, Manual Command, o r  
S i d e r e a l  - p l a c e s  t h a t  a x i s  i n  a p o s i t i o n  se rvo  loop, 
. (See Table  1) The p o s i t i o n  s e r v o  is commanded r e s p e c t i v e l y  
from a d i g i t a l  computer, conso le  swi tches  o r  t h e  s i d e r e a l  
clock.   he mode Slew p u t s  t h e  a x i s  i n  a r a t e  s e r v o  loop  
which a s  incrementa l  commands of t h r e e  degrees ,  t h r e e  
minutes  and t h r e e  seconds p e r  second 'with d i r e c t i o n  con t ro l .  
The mnde Brakes On removes 115 v o l t 8  from t h e  brake  a i r  
so leno id ,  a l lowing t h o  a i r  b rakes  t o  clamp t h e  axis .  Also, 
28 v o l t s  are removed from t h e  c o i l  of' t h e  t o r q u e r  c o n t a c t o r s  
which open t h e  pa th  from power a m p l i f i e r  t o  t o r q u e  motor. 
The Brakes Release  mode a l s o  removes 28 v o l t s  from t h e  
t o r q u e r  c o n t a c t o r s ,  b u t  a l l o w s  115  v o l t s  on t h e  brake  a i r  
solenoid.  A l l  modes a r e  independent wi th  t h e  except ion  of 
Brakes Release which can only  b e  e n t e r e d  from, o r  e x i t e d  t o  
Brakes On. 
If e i t h e r  a x i s  is d r i v e n  t o  a l i m i t ,  a l i g h t  is energized 
a t  t h e  console  and a d iode  is switched i n  series wi th  t h e  
1.0 GENERAL DESCRIPTION 
The t e l e s c o p e  c o n t r o l  system i s  composed of a p o s i t i o n  nnd 
r a t e  servo f o r  each a x i s ,  s a f e t y  i n t e r l a : ? ,  ~; ,?d a focus ing  
servo. The o p e r a t i o n  o f  t h e  system ; 3  d lk '  -/.id up i n t o  a 
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clock.  he mode Slew p u t s  t h e  a x i s  i n  a  r a t e  se rvo  loop 
which a s  incrementa l  commands o f  t h r e e  degrees ,  t h r e e  
minutes and t h r e e  seconds p e r  second 'with d i r e c t i o n  con t ro l .  
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Brakes On. 
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a t  t h e  console  and a d iode  is switohed i n  s e r i e s  wi th  t h e  
torquer .  The d iode  i n h i b i t s  t h e  p o l a r i t y  of c u r r e n t  t h a t  would 
cont inue  t o  d r i v o  t h e  a x i s  i n t o  t h e  l i m i t  and p a s s e s  t h a t  c u r r e n t  
which w i l l  d r i v e  i t  o u t  a f  t h e  l i m i t .  Also, i f  e i t h e r  a x i s  
exceeds an ad j u s t a b l e  r a t e  l i m i t  (6-50°/sec), e ccnso le  l i g h t  
is  energized and t h a  system is switched i n t o  t h e  Brakes On mode. 
For Po la r  a x i s d o w  motion, t h e  F ine  Adjust  a i r  swi tch  i s  
a c t u a t e d  which p u t s  sys,tem i n t o  Brakes Release  mode. Once . - i n  .. 
Brake Release t h e  F ine  Adjust  wheel a t  t h e  base  of t h e  t e l e s c o p e  
can be  used t o  mo.ve P ~ l a r  ax i s .  
Operat ion o f  t h e  system u s u a l l y  t a k e s  p l a c e  a t  t h e  Telescope 
Contro l  Chass i s  i n  t h e  console ,  b u t  c o n t r o l  can be switched 
t o  t h e  Remote Contro l  Box by pushing Remote e i t h e r  on t h e  Telescope 
. Control  Chass is  i n  t h e  console ,  b u t  c o n t r o l  can be switched 
t o  t h o  Remote Contro l  Box by pushing Remote e i t h e r  on t h e  Telesoope 
Contro l  o r  on t h e  Remote Contro l  Box i t s e l f .  From t h e  Remote 
Box a l l  modes desc r ibed  above can be s e l e c t e d ,  a l though only 
one a x i s  a t  a time. Also, t h e  Remote Contro l  Box c o n t a i n s  t h e  
f o c u s  c o n t r o l  r e s o l v e r ,  an I n i t i a t e  bu t ton  t h r t  changes t h e  r a t e  
o f  t h e  S i d e r e a l  Clock from 50 Hz t o  10  KHz, and a Guiding Contro l  
t h a t  can vary t h e  DC v o l t a g e  . t o  t h e  S i d e r e a l  VCO. 
2.0 OPERATION AND REWURK 
2.1 MODES CONTROL 
The modes s e l e c t i o n  c i r c u i t r y  i s  made up o f  two r e l a y s ,  
a n  "ORt1 g a t e ,  and a f r o n t  p a n e l  s w i t c h  (M.R.) f o r  each  
mode; i.e., 24 r o l a y o ,  13 OR g a t e s  and 13 F.P. s w i t c h e s  
t o t a l .  (Sne T a b l a  2) The F.P..Switch i s  connec ted  t o  t h e  
c o i l  o f  t h e  mode r e l a y  and t h e  o u t p u t  o f  t h e  OR g a t e  i s  
connec ted  t o  t h e  c o i l  o f  t h e  l a t c h i n g  r e l a y  (Sks t ch  1). 
The l a t c t l i n g  p a t h  o f  t h e  mode r e l a y  i s  th rough  NC c o n t a c t s  
o f  t h e  l a t c h i n g  r e l a y .  The g a t e  h a s  an i n p u t  from eve ry  
o t h e r  mode r e l a y .  Thus, by push ing  a mode s w i t c h ,  a l l  
o t h e r ,  mode r e l a y s  a r e  un la tc t led  and t h e  d e s i r e d  mode r e l a y  
l a t c h e s  t h rough  t h e  NC c o n t a c t s  o f  i ts  unene ry i zed  l z t c h i n g  
r e l a y .  The l a t c h i n g  o f  t h e  mode r e l a y  c o n t r o l s  t h e  
sys tem by e i t h e r  p r o v i d i n g  a c l o s u r e  (Ske t ch  3) o r  by 
g e n e r a t i n g  a  DC c o n t r o l  v o l t a g e  (Ske t ch  2). For a remote  
mode s e l e c t i o n  t h e  same c i r c u i t r y  is used  excep t  now t h e  
momentar; c o n t a c t  s w i t c h  pushed i s  i n  t h e  Remote Box 
(Ske tch  1). The f i n a l  c i r c u i t r y  used t o  s w i t c h  c o n t r o l  
between t h e  Remote Box and Te le scope  C o n t r o l  i s  shown i n  
Ske t ch  4. 
NOTES: D i r e c t i o n  c d n t r o l  o f  t h e  r a t e  command is  
s u p p l i e d  by K-17 and K - 1 8  f o r  no r th - sou th  and H-35 and lb37 
f o r  sas t -wes t .  These d i r e c t i o n  c i r c u i t s  had t a  h e  r e w i r e d  
a t  checkout  t o  c o r r e c t l y  irnplsment a r e l a y  f l i p - f l o p  (Ske tch  
5). It is  wor th  n o t i n g  t h a t  u n l e s s  one  of  the  d i r e c t i o n  
r e l a y s  a r e  l a t c h e d ,  t h o  i n p u t  t o  t h e  r a t e  d i v i d e r  i s  a 
s h o r t ,  Thus, ovan a f t o r  push ing  "Slew" and "Fas t " ,  f o r  
example, t h e  r a t o  command is  z e r o  v o l t s  u n t i l  a d i r e c t i o n  i s  
s e l e c t e d .  Tho r e s i s t o r  t r ee  had ha be  mod i f i ed  a l so .  ' 
New r e s i s t o r s  and w i r i n g  were added p rov id ing  8.5 v o l t s ,  
\ 
0.14 v o l t  and 0.003 v n l t  t h rough  ~1 246K f o r  t h e  F a s t ,  Medium 
and Slow r a t e  commandn, Also i n  t h e  way o f  rework,  a l a t c h i n g  
p a t h  f o r '  t h e  Brake Re lease  r e l a y  X19, H32, had t o  be  p rov ided  
and a Braltes O N  i n i t i z l i z o  c i r c u i t  added (Ske t ch  6). S i n c e  
ths Remote Box o n l y  had one  set  o f  mode s w i t c h e s ,  . an . e x c l u s i v e  
OR arrangement  had t o  be  added s o  t h a t  t h e  box cou ld  command 
b o t h  axas ,  The XOR was mechanized by add ing  8 t o g g l e  .switch 
t o  the Hemota Box which commanded new r e l a y s  H4O and K41 i n  
t h e  t e l e s c o p s  c o n t r o l  c h a s s i s .  F i n a l l y ,  t h e  Brakes ON r e l a y  
H 1  and 621 s t a r t e d  t o  burn  t hemse lves  s h u t  a f t e r  a month o f  
o p e r a t i o n ,  1t is recommended t h a t  h e a v i e r  c o n t a c f o r s  w i t h  arc 
s u p p r s n s i o n  be added t o  i n t e r r u p t  t h e  i n d u c t i v e  b r a k e  c i r c u i t .  
The u i r e  from K19 and K32, Pin 5 t o  Kh and 621, P i n  2 ,  is  a 
radundant  wire and shou ld  be removed t o  p r o t e c t  t h e  c o n t a c t s  
o f  K19 and K32. 
2.2 SIDEREhL CLOCH 
The S i d e r e a l  Clock i s  housed i n  a  c h a s s i s  l a b e l e d  S i d e r e a l  Clack 
which a l s o  c o n t a i n s  t h e  r e f e r e n c e  e l e c t r o n i c s  f o r  t h e  Induc tosyn  
and a l l  f o c u s  s e r v o  electronics, T h e r e f o r e ,  r e f e r e n c e s  t a  
Sidereal Clock a r e  rsFnrencoo t o  t h e  a c t u a l  c l c c k  e l e c t r o n i c s  
and n o t  t h e  cornplete c h a s s i s .  
The S i d e r e a l  Clock is  made up o f  f o u r  p a r t s :  VCO, D i v i d e r  
'. 
L O ~ ~ ; ,  Swi t ch ing  Logic ,  and Counter  and Readaut. The VCO is  
a very s t a b l e  oven t y p e  o s c i l l a t o r  t h a t  g e n e r a t e s  9.73 Mc, 
a t  abou t  4 ' v o l t s  P-P. g  he DC v o l t a g e  (from +9 v o l t o  t o  -9 v o l t s )  
a p p l i e d  t o  t h e  o a c i l l a t n r  i~ used on ly  as a very  f i n e  a d j u s t  
or c a l i b r a t i o n  p e r  a s t r o n o m i c a l  t r a c k i n g  event .  The approximate  
10 MHz is  d i v i d s d  down t o  1 0  KHz, 100 Hz, 50 Hz. The 100 Hz is 
t h o  sys t ems  s t r o b e  r a t e  and i s  s e n t  from t h e  d i v i d e r  t o  
t h e  s t r o b e  e l e c t r o n i c s  housed i n  t h e  ax i s  r e a d o u t  c h a s s i s .  
One of  t h e  two remain ing  f r e q u e n c i e s  a r e  g a t e d  t o  t h e  counter .  
(See  Drawing #355-C14C10) A f l i p - f l o p  s ~ ~ p p l i e s  t h e  g a t i n g  s i g n a l s  
II . and i n  t h e  "normaltt  p o s i t i o n  a l l o w s  t h e  50 Hz l o  c lock  t h e  
1 coun te r .  When an i n i t i a t e  b u t t o n  is pueiied i n  t h e  Remote Box 
t h e  F.F. f l i p s  and g a t e s  t h rough  Lhe 10 KHz u 7 t i l  t h e  b t t l t o n  i s  
r e i e a s e d .  ( F a s t  S i d e r e a l )  The Counter  i s  a 22 b i t  s e r i a l  
t y p e  which h a s  a 22 b i t  p a r a l l e i  o u t p u t  a v a i l a b l e  a t  a r e a r  
I :. connec to r  a s  a command t o  t h ~  p o s i t i o n  s e rvo ,  The 22 b i t s  
1 :  ( a r e  e l s o  decoded t o  o c t a l  and d i s p l a y e d  a s  a  e i g h t  p l a c e  
GOERZ OPTICAL COMPAF'V, INC. 
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o c t a l  number. The c o u n t e r  can  a l s o  b~  p r e s o t  t o  any d e s i r e d  
a c t a l  numbs? by p l a c i n g  t h o  f r o n t  panel  s w i t c h  a t  P.t*eset and 
p l a c i n g  t h e  d e s i r e d  {lumber i n  thumb wheol s w i t c h e s  on t h e  f r o n t  # 
panel .  
- 
NOTES: The on ly  problem was t o  implement a  fast, s i d e r e a l  
g a t i n g  c i r c u i t  and c l e a n  c l o c k  l i n e 3  of  1 0  Mc n o i s e  which caused  
t h e  c o u n t e r  t o  s t o p  p e r i o d i c a l l y .  
-. 
lOKHz REFERENCE: Another  of t h e  f u n c t i o n s  housnd i n  t h o  Sidn-  
r e a l  Clock c h a s s i s  i s  t h o  r e f e r e n c e  e l e c t r o n i c s  ujhich c o n s i s t s  
o f  a 10 Kc PC c a r d  o s c i l l a t o r  and a m p l i f i e r s .  The o r i g i n a l  c a r d  
o s c i l l a t o r  became i n o p e r a t i v e  and had t o  be  r e p l a c e d  w i t h  a 
s u b s t i t u t e .  The second o s c i l l a t o r  d i d  n o t  have a s t a b l e  amp- 
l i t u d e  s o  t h e  g a i n  o f  t h e  f o l l o w i n g  a m p l i f i e r  was increased 
and t h e  o u t p u t  (10 v o l t s  P-P) zene red  t o  a b o u t  5 v o l t s  P-P. 
T h i s  was doub le  f i l t e r e d  i n  t he  r e a d o u t  c h a s s l s ,  a m p l i f i e d  ' 
(about  8 v o l t s  P-P) and d rove  t h e  r o t o r  o f  t h e  Inductooyn.  
The f o c u s  s e r v o  e l e c t r o n i c s  were bench checked. The o u t p u t  
o f  a 10 KHz t e s t  r e a a l v e r  was used a s  a n  i n p u t ,  demodulated, 





Manual Conlmand CC\i 
Sf dereal Rate Trip 
Slew Fine AdJust 
Bralcos On 
Brakes Release 
C\J \ Declination Axis Computer 
M~nual Conunand CCW 
Siew Rate Trip, 
Brakes On 
Bralces Release 
Note: A mcdo labeled Auto Traclc has no function; there- 
fore is not listed above, 




















Braltes On K21 
Brakes Release K32 
*Auto Track K29 







MODE SELECTION RELAYS 
Table 2 
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SKETCH #5 
CR1 
*24V--,,- . WI Fk-- Kl Pin 1 4  
IN4001 750)F ' 21 Pin 14 
100 ohm 
- - 
BRAKES ON I N I T I A L I Z E  
* Not Needed 
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2.3 &XI5 READOUT A N D  ENCODERS 
The P o l a r  and D e c l i n a t i r n  r e a d o u t  c h a s s i s  a r e  i d e n t i c a l  and 
each  c o n t a i n s  t h e  f 'ollowing: 
1. 512: l  F 0 1 l . a ~  up Servo  
2. P o s i t i o n  Command Gat ing  
3. S t r o b e  Gane ra to r  
4. E i g h t  D i g i t  O c t a l  Readout 
I n  t h e  way o f  t h e a r y ,  t h e  fol low-up s n r v r  has a l r e a d y  been 
d i s c u s s e d  i n  an  e a r l i e r  r e p o r t .  The g e n e r a t i o n  o f  a x i s  p o s i t i o n  
i s  e x p l a i n e d  under  Encoder Hardware c o n s i d e r a t i o n s  and t h e  
remain ing  r e a d o u t  l o g i c  is  s t r a i g h t f o r w a r d  and i t s  o p a r a t i o n  
can e a s i l y  be  de te rmined  from t h e  s t u d y  of  Drawing //355-0240 
S h e e t s  1.2.3. 
NOTES: Both P o l a r  and D e c l i n a t i o n  r e a d o u t  c h a s s i s  had a l o g i c  
o s c i l l a t i o n  i n  t h e  a r e a  o f  c a r d s  A10, A19, and A20. The 
o s c i l l a t i u n  was s topped  by runn ing  s e p a r a t e  5V l i n e s  t o  t h e  
above cards .  The w i r i n g  and t h e  time re1a t ionsh j .p  o f  t h e  
s t r o b e  and sample p u l s e s  a r e  shown on S h e e t  3 ef Drawing 
#355-0240. . . 
SHAFT ENCODERS: The P o l a r  Axis  s h a f t  encode r s  were se4, t o  z e r o  
I w i t h  a x i s  i n  v e r t i c a l  p o s i t i o n  t h e n  synchronized .  They appeared  
5 
t 
' r l  
16 
t o  bo o p e r a t i n g  p roper ly ,  a l though accuracy wae no t  datermined. 
The D ~ c l i n a t i o n  ohaft  encoders  wnro no t  synchronized s i n c e  t h e  
P ine  oncoder was no t  r ece ived  from f a c t o r y  repaf: ' ~ n t i l  two 
days be fo re  shipmant of Telescope. 
SYNCHRONXZATION: Synchroniza t ion  of t h e  coa r se - f ins  encoders  
is def ined  a s  a comrnond from t h e  f i n e  t o  t h e  c o a r s e  encoder t o  
. 
swi tch  brushes  a t  s t r a n s i t i o n  when a l l  l i n e s  of both oncoders 
a r e  h igh (4.5V) and t h e  13 l i n e s  of t h e  f i n e  go low (OV). That 
is, when t h e  readout  d i s p l a y s  177777778 a t  t h o  next  .31 Rrc 
s e c  movement o f  t h e  a x i s  t h e  P ine  encoder goen from 77778 t o  
CDOOB and t e l l s  t h e  coarse encoder t o  go from 1777 0 t o  OOD08. 
a'- Ci. Following a r e  i n s t r u c t i o n s  f o r  encoder synchron iza t ion  and vendor 
s p e c i f i c a t i o n s :  
ENCODER SYNCHRONIZXNG INSTRUCTIONS 
1. Taka r e a r  cover o f f  o f  axis .  Also, p u l l  o u t  readout  c h a s s i s  
BPI console. 
2. Put  a x i s  i n  Brake Release  mode and move a x i s  by hand. Check 
t h a t  t h o  s h a f t s  of  both  encoders a r e  r o t a t i n g  i n  t h e  
d i r e c t i o n  wi th  r e s p e c t  t o  t h e  encoders. If r o t a t i o n s  a r e  
o p p o s i t e  r e v a r s e  one s e t  of  s t a t o r  w i r e s  on follow-up se rvo  
r e s o l v e r  (Readaut Chassis).  
3. P o s i t i o n  a x i s  t o  d e s i r e d  o r i s r l t a t i o n  f o r  z e r o  p o s i t i o n ,  
4. Decrease t e n s i o n  on coarea  encoder d r i v e  band wi th  a x i s  
s t a t i o n a r y ,  move s h a f t  of  coa r sa  encoder us ing d r i v e  wheal 
u n t i l  readout  d i e p l a y s  1776 xxxxx.. Engage' encoder by t i g h t e n -  . 
i n g  d r i v e  band. 
5. f n  readout  c h a s s i s ,  l oosen  r e s n l v e r  back acrewe. 
Turn renolvo' u n t i l  readout  d i s p l a y s  17777777. Tighten 
rssoLvor l a c k  scxews. 
6. Move s x i ~  2.31 arc sec. r eadou t  d i s p l a y  should go from 
17777777 t o  17777776 o r  00000000~ 
ENCODER HARDWARE CDNSIDERATIONS: The c o a r s e  encoder, L i t t o n  
Nodel E-AD35-10L4, i e  a 1 0  b i t  s h a f t  encodar whose "1st b i t t t  
(Pin 10) is  t h e  MSD snd whnao t t lOth B i t N  (Pin  1) is a c t u a l l y  
an  i n p u t  which when high cauoDs b r u ~ h e s  t o  be  swi tched and f h e  
ou tpu t  t r a n s i t i o n  of  111111111 t o  000000000. The f i n e  oncodar, 
L i t t o n  Model AD35-12L4, is a 13 b i t  s h a f t  encoder whose 
a13th B i t N  (Pin  1) is t h e  LSD and whose I l l s t  B i t N  (Pin  13) 
is d i sp layed  and is i n v a r t e d  and s e n t  t o  C.E. P i n  1 a s  sync  
command. Thus, 9 b i t s  from C.E. and 13 b i t s  from F.E. a r e  d i sp layed  
p rov id ing  a 22 b i t  p o s i t i o n  readout  of  ax i s .  (Sea Drawing 
#355-0240 Sheet  2). 
POSSIBLE DECLINATION READOUT W I R I N G  ERROR 
On t h o  Dec l ina t ion  Readout t h e  MSD d i s p l a y  should be 1 o r  0. 
Only 1st B i t  of C.E. (MSD of 22 B i t  p o s i t i o n  word) is being 
dinplayed. If ,  say ,  7 and 5 a r e  d i sp layed ,  p i n s  o f  t h a t  t u b e  
have t o  be  rewired. (Jumpers end wire) The wi r ing  should be 
. 
made i d e n t i c a l  t o  t h a t  o f  P o l a r  Readout MSD. Nixie t d b e  l i t a r -  
atuxe is enclosed. 
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1 NODEL #AD35-13.L4 ENCODER . . - . t . 
, - 
A continu&s read ing  2!3 natural, binary p a r a l l e l  , 
o u t p u t  size 35 o p t i c a l  encoder w i t h  the  most '  
s i g a i f i c a r i t  d i c j i t  uscd as the l e a s t  signifipant 
I digit of an 2Jl35-1DL~iencocler. 
I I 
2.1.1 size . - 35' I 
2.1.2 r?eight - 48 oz, 
2 .I  . 3  Stat king Torque .5 in o z .  
2.1.4 Running Torque 0.25 in. oz. 
2.1.5 Elax Angular Accelzrztj-on 50,000 rad/sec2 
, 2.1.6 l.!a:c Slew Speed 5000 Wi4 2 
2.1.7 ?io$ent of I n e r t i a  .273 oz. i n  
2.1.8 *Rota t ion  CCF? 
- 
2.1.9 Eearing.I,ifc 50 x 105 rev @ shaft . 9 
3000 PK.1 speeds 
2:1.10 blounting P o s i t i o n  any 
2.2 F;E,EC TRY 
' 
2.2.1 Power i n p u t  +&.3~r)C+5;L @ 700 ma mar. 
-6,31QCIt5:5 @ SO0 ra m a x  
. 2.2'.2 Signal Output-3in "1" 4.5 iJDC5.  5YDC 
Birr "0" OVDC4 .51.TDC 
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*CM available on s p e c i a l  order. 
E N C O D E R  !ODEL AD3 5-1 2L4 EC:'CODI;II 
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I The B1p.8804 series integrated circuit decoder/ 
. ' drivers accept paline 8.4.2.1 BCD input from DTL 
and,fTL circuitry, and prov~de decimal readout 
on integrally mounted NlXlE tubes. The BIP. 
8804.1 drives a standard rectangular "0.9" NIXIE 
tube, type 8422 (8.5591). The 81P-8804-2 drives 
the 8.59956 standard rectarlgular NIXIE tdbe . , 
"0.9 with a decimal point." 
. . .  
These modules are non4atching in that they re- 
quire a continuously available BCD information. 
,? ,512 k 0 1 6  .I445603 Input. 
\ The modules feature a' socket pack construction, 
i.e., the socket and decoder are an integral unit. 
Height and width dimensions are those of the 
socket itself, permitting 0.8" center to center 
spacing of m.ultl.digct displays. By mounting the 
integrated circuit as clbse to the NlXlE tube as '?, 
... possible, the undesirable effects of switching 
transients are minimized, A decoupling capacitor, ..< 
Cl,.is used to bypass power supply transients. 
Ref.er to Bulletin 616 for typical NlXlE tube ap- 
plications and theory of operation. Bezel assem. 
..:.. blies for multi-tube displays are described in 
Bulletin 1020. , *VIEW OF SOCHEY WITHOUT NIXIE TUBE 
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FCv/Es RE[{ij]REt{Zl!i'S , y. I;]PUP[ r\~(iijj;:i;;f;>iiS - 4 line 2.4.2.1 SCD (No'ie I) . . :.\a v:
........... 
.C 
I , ." 
Logic "0" I:,) ..-............. -0.5V to -1 0.85'1 
............... .. 
, j.:i Logic "1" (El) - .................. 2,OY to 6.W Posithe High Voltage +200\/ dc * 10'1 (Pi0ti: 5) . . . .  
...... 5:., 
,I 
. .  ................ INPUT Cti:?RE'IT Posi:i\;+ lo:./ \lo/ tsge 5'1 dc f: @.25\! i;: . ., 
. , 
Logic "O" prcssiit 1,s r r ~ A  max. ; r ide 2)  . . .$ .:n . Cllrrent a i  200V :... 2.8 mA tyfl.: 40 pi\ r m .  ........................ Logic "1" presznt 10 :.,.A inax. Pioi:! (31 !.t ............ ..... .,.. (SIP 3304.2) ...................... . ,. . . D€GI?IIAL POISIT Dfli:iX REQUI22?,!2?I 1's .. , ,.. 
. . V off - ........................................ 69V to  IdU\I . . .  . , . . 2.3 mA typ.; 3.5 l i iA max. (Bl? 85%-1) . . .  V on ..... .......-.. ....-..................... 0 to 211 
. . 
... I o i i  ............ .........................-.. 30 !,A piax. (F;sla 41 . . . .  
.......................... 
. . .  
I on .......-...- 0.5 nk m x ,  i%te 9) Current  at 5.W GO mA !;ax. ............ ............... :. 
. . . . . .  yiinc;.in;:;!c,%r- s r a c ] , Z j c A T f ' 3 ? 1 3  . . . .  
' .  
............. 
................ C u n n e c t o r  : ........ 12 pi;) r:cia~-~i; ldr S2sd T ~ r r ! l i c ? !  . Cu:,ri$c:i.~~.; . Tabls 1. 
v/ei,-il i 'i;lli] < ~ ' j s  ..................... 1.5 G?., ma'!. i?j3Le 1s) . -) 
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COMMON 
Figure 3. MODULE INPUT CIRCUIT 
*859956 (WITH OEC P T )  
TERtrllNAL , !NPUT 
1 N,C. 
2 c 5V dc 
Figure'2: 6LOCK DIAGRAM . 3  BCD 4 
4 Common . 
5 N,C, 
6 c 200Vdc . 
7 N.C, 
8 BCD 2 
9 BCD 1 
10 BCD 8 . 
11 Decimal Point* 
Not Normally Used 
When using the BIP.8604-1 (8.5991 NIXIE tube) terminal 11 must be left open. 
Table 1. TERMINAL CONNECTIONS 
BERYLLIUU COPPER. 
. SILVER PLATED TIN 
DIPPED. 
SIDE V I E V t  MOUNTING H O L E  L A Y O U T  CODE 
Figure 4. RECEPTACLE SK-169 (Note 7) NUMERAL ( 1 
3 . 0 0 1 1  
4 . 0 1 0 U  
5 0  1 0  1 
. 6 0 ' 1  1 0  
: , 7  - 0 1 ,  1 I._- 
8 1 0 0 0  
MOUMlllC MOLl 
RCLI MOUUllkO Oll4lL 
9 1 0  O I 1 J  
Figure 5. .MOUNTING DIAGRAM (Note 8) Table 2. TRUTH TABLE 
NOTES 
imal point (See Figure 2). Appropriate high vbltaee driver 
pplies for a maximum pulse width of 100 mS at a riaximum 
' 7. The SK.lG9 receptacle is not included as part of the module and must be qrdered separately, 
8. ~ o d u l c i  mqg be mounted either in front of, or b@ind pan4 (Figure 51. Front.n~o~~nting.shouJd,b~~empl~~ed, only when there is no back iehting. ' 
Rear rnountlng may be used whether or not back llghtlng is present. Follov!~ng thn  rule rlll ellrnlnate light shovting through the panel. 
9. This is current out of the module. 
10. A polarizing pin is added to the connector. Ti is pin is not internally c ~ l l n e c t ~ d  m d  mates with pin I4 of recep t i c~ l  SK.169. 
GBERE OlaTICAL COMPANY, INC. 
DIGITAL SUBTRACTOR AND CONVERTER 
The Metr ic  D i g i t a l  S u b t r a c t o r s  a r e  supp l i ed  wi th  two 22 
b i t  words ( Commend-Master and Posi t ion-Slave)  and a  100 
PPS ~ L r o t p  tssiprroli Tlrrr uu tpu t  t o  t h e  c o n t r o l  system i s  a 
DC v o l t a g e ,  0 t o  t7.9 v o l t s ,  which i s  t h e  p o s i t i o n  e r r o r  
s igna l .  The t heory  o f  t h e s e  u n i t s  is  cumpletaly desc r ibed  
i n  t h o  Metr ic  Systams Manuals, but  b e s i c a l l y  a d i f f e r e n c e  
of  0 t o  B b i t s  (L501s) g e n s r a t s s  t h e  ramp 0 t o  $7.51 v o l t s ,  
and any d i f f e r e n c e  g r e a t e r  t h a n  &3 b i t s  g z n s r a t e s  t h e  
const 'ant,  27.9 vo l t s .  
NOTES: The s u b t r a c t o r s  were checked o u t  and c a l i b r a t e d  
according t o  t h e  Metric recommended procedure. The P o l a r  
S u b t r a c t o r  opera ted  p e r  s p e c i f i c a t i o n ;  i.e., Chz u n i t  s u b t r a c t e d  
p roper ly  and ze ro  and g a i n  adjus tments  brought Analog Out t o  
p roper  va luos  (sea manual). The d e c l i n a t i o n  s u b t r a c t o r  g a i n  
adjustment d i d  no t  b r i n g  o u t p u t  down t o  +7.963 v o l t s ,  a l thuugh 
t h i s  u n i t  d i d  s u b t r a c t  prope,rly. I t  was n o t i c e d  t h a t  t h e  prob- 
lem was i s o l a t s d  t o  the connect ions  of t h e  Trimpots on the .  D/A 
2.5 POLAR POSITION AND RATE SERVOS 
POBITION SERVO CHECH-OUT NOTES: 
The o r i g i n a l  Servo Compensation had t o  ba d i sca rded  s i n c o  
p o s s i b l e  b ~ n d w i d t h  was only approximately h a l f  of' t h a t  neaded 
due t o  s t r u c t ~ ~ r a l  resonances as law a s  25 cps. Also, r t l a l  
i n e r t i a  of Po la r  was about 1000 s lug- foe t2  i n s t e a d  o f  600 and 
f r i c t i o n  was uneytnmetric a t  about  l b  foot-pound CW and 20 foo t -  
pound CCW. 
I n  Sidereal, t h e r e  was a fo l lowing  error of about  la a r c  secondn 
1 ! 
duo t o  f r i c t i u n  of  t he  bearing.  ( f o r  conponent va lues  s e e  I 
I 
drawing. # 355-0390) 
I 
RATE SERVO NOTES: No problemmn other t h a n  Tach n o i s e  which was 
f i l t e r e d  o u t  wi th  .22 uf a t  buffering a m p l i f i e r s .  A l l  r a t o a  
and d i r e c t i o n  cornmands appeared t o  ba working smoothly bu t  
r a t e s  were never c a l i b r a t e d .  
2.6 DECLINATION POSITION AND HATE 
Thc declination rate servo i s  identical t o  the polar rate * 
4 
servo i n  construction. Again, ~ n t e s  and direction commands 
worlced s~noothly, but rates  were not calibrated. The decli- 
nation position servo was never opcrated as a closed loop 
9 
since the fine encoder on the follow-up servo only came 
i 
back from factory repair two days before shipment .of the 
system. 
2.7 SERVO BESfGN PHILOSOPHY 
The o r i g i n e l  propossd se rvo  c a n f i g u ~ a t i o n  waa abandoned due 
t o  bandwidth l i m i t a t i o n s  causod by low frequency e t r u o t u r e l  
rooonancoo. The sorvoa,  as d s l i v a r a d ,  ware opt imized t o  provida  
t h e  highno0 p o o ~ i b l e  bandwidth c a n a i s t a n t  u i t h  t h e  l o a d  dynemica. 
The procedure fol lowad f o r  s n t t i n g  up each s e r v o  wna as fo l lows:  
A. P o l a r  and 'Declinat ion Rate Servos  
1. I n  t h s  r a t e  mode a l l  l a g  c a p a c i t o r s  wers removed and '. 
t h o  forward DC ga in  was g radua l ly  r a i s e d  u n t i l  o s c i l l a -  
, t i o n  occurred. The g a i n  was t h a n  backed o f f  and eervo 
iaaponse  tosted. This  p r ~ c e d u r ~  p r o v i d ~ ~  B massura of' 
allotdablo AC (high frequency) gain and bandwidth. The 
bode pl.ot o f  the se rvo  is showrl i n  Sketch 8. 
2. Tho r a t e  s a r v o s  wsre then  s t i f f e n e d  by adding an i n -  
t e g r a t i o n  i n  t h e  l a o p  wi th  a s t o p  a t  L5,t.o ZOdb beforo  
crosogver. (Sea bods p l o t )  T h i s  s t e p  providon a 
maxlmum r a t e  se rvo  s t l f f n e o s  l i n  *d on ly  by the open 
loop g a i n  o f  t h e  compensation a m p l i f i s r .  
0. P o l a r  and ~ e c l i n a t i o n  P o s i t i o n  Servos  
1. The p o s i t i o n  se rvo  g a i n s  wore s e t  by i n c r e a s i n g  t h e  
p o s i t i o n  loop g a i n  u n t i l  o a o i l l a t i o n s  occur red  and t h e n  
backed o f f  un t i l .  a s t a b l e  s i t u a t i o n  was achieved. 
2. Actual  C i r c u i t  Values 
Skntch 7 shows t h e  a c t u a l  se rvo  compenaatlon ussd f o r  
each axis .  


